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(54) rriUe of the Invention] METHOD FOR FREFAMNG A LIQUTO EPOXY RESIN COMPOSITION 
(57) [Abstract] 

[Object] To obtain in an industrially advantageous manner a Uquid epoxy resin composition that shows low viscosity 
and an excellent thin film (gap) penetrating property even i*4ien blaided with a large amount of inoiganic filler and 
that is suitable as an underfill material for the flip cWps of a semiconductor device. 

(Solution Means] In preparing a liquid epoxy resin composition in which epoxy resin, curing agent and inorganic 
filler are its necessary components, the inorganic fiUer contains 5-30 wt. % of very fine inorganic fillers with 
specific surface area greater than 4 m^/g and the content of aU inorganic fillers accounts for 60 wt. % of tfie eritire 
composition, a resin composition is formed in the first process in which part of the epoxy resin or part of a mixtui© 
of the ^xy resin and the curing agent is added to the inorganic filler that has b^n prepared to contain more than 
50 wt.% of very fine inoiganic fillers with specific surface area greater than 4 m^/g and kneaded and the resm 
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composition thus fonned is mixed and kneaded with the remaining filler, epoxy resin and curing agent in the 
second process. 

[Scope of the Patent Claimsl 

[Claim 11 Method for preparing a liquid epoxy resin composition, characterized in that, in preparing a liquid epoxy 
resin composition in which epoxy resin, curing agent and inorganic filler are its necessary components, the 
inorganic filler contains 5-30 wt. % of very fine inorganic fillers with a specific surface area greater than 4 m /g 
and tiie content of all inorganic fillers accounts for 60 wt. % of the entire composition, a lesin composition is 
formed in the first process in which part of the epoxy resin or part of a mixture of the epoxy resin and the curmg 
agent is added to tiie inorganic filler that has been prepared to contain more than 50 wt. % of very fine morgamc 
fillers with a specific surface area greater than 4 mVg and kneaded and the resin conqKJsition thus formed is mixed 
and kneaded with the femaining filler, epoxy resin and curing agent in the second process. 

[Claim 2] Method for preparing a liquid epoxy resin composition in accordance with claim 1. in which a siHcone 
modified resin is added in the second process. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Application] The present invention pertains to a metiiod for preparing a liquid epoxy resin 
composition tiiat shows low viscosity and an excellent gap penetrating property even when blended with a large 
amount of inorganic filler and tiiat is suitable as an underfill material for tiie fiip chips of a semiconductor device. 

[0002] 

[Prior Art and Problems to be Solved by the Invention] The conventional liquid epoxy resin composition used as 
an underfill material especially for tiie flip chips of a semiconductor contains less tiian 60 wt.% of inorganic fillers. 
In recent years, however, in order to make the coefficient of expansion of tiie liquid epoxy resin composition equal 
to tiiat of Oie chips, baseboard and soldering pump, it became necessary to add a large amount of inorganic fillers 
to the lesin composition. The addition of a large amount of inorganic fillers causes an increase m viscosity, a 
marked decrease in the rate of penetration of the resin composition into tiie gap between tiie chip and the baseboard 
and a marked decrease in the productivity. Therefore, it is desirable to solve such problems. 

[0003] In view of the situation mentioned above, tiie present invention was developed to provide a method for 
preparing a Uquid epoxy resin composition so tiiat a liquid epoxy resin composition with low viscosity and an 
excellent gap penetrating property even in the presence of organic fiUers in a large amount can be prepared witii 
good productivity. 

[0004] 

[Means for Solving the Problons and Embodiment of Implementation of the Invention] In order to achieve tiie 
objects mentioned above, we carried out extensive studies. We found ttiat very fine inorganic fillers and resms 
could be uniformly and sufficiently wet and a liquid epoxy composition with low viscosity and an excellent tiiin 
film penetrating (gap penetrating) property even in tiie presence of a large amount of inorganic fillers could be 
obtained when the procedures described below were carried out. In preparing a liquid qpoxy resin composition m 
which epoxy resin, curing agent and inorganic filler are its necessary components, tiie inorganic fitter contains 5-30 
wt. % of very fme inorganic fillere with a specific surfece area greater tiian 4 m^/g and tiie content of M inorgamc 
fillers accounts for 60 wt.% of tiie entire composition, a res'm composition is formed in ttie first process in which 
part of tiie epoxy i«sin or part of a mixnire of tiie epoxy resin and the curing agent is added to tiie inorganic filler 
tiiat has been prepared to contam more tiian 50 wt. % of very fine inorganic fillers with a specific surfiace area 
greater tiian 4 m^/g and kneaded and the resin composition tfius fonned is mixed and kneaded witfi tiie remaining 
filler, epoxy resin and curing agent in the second process. 

[0005] In order to simultaneously improve the penetration property and reduce expansion of the liquid epoxy resin 
composition used as the underfiU material, it has become a recent trend tiiat very fine fillers with a mean particle 
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diameter less than 1 micron or preferably less than 0.5 micron are added to the resin composition m a large 
quantity. Consequently, the specific surface area of the fillers becomes much larger than that of the convention^ 
product, the wetting of the interface between the resin and the fillers becomes extremely poor, the viscosi^r of tfie 
resin composiUon becomes extremely high and the penetration property becomes low. Such phenomena «!» 
place during the process of kneading the composition. When the amount of fillers blended is greater than 70 wt *, 
sometimes the composition becomes hard and preparation of the composition becomes impossible. 

10006] In other words, improvement of the wetting between the resin and the filler surfaces is not possible and the 
very fine fillers tends to aggregate easily in the low-viscosity Uquid epoxy resin composition contauung a large 
amount of very fine fiUers with a large specific surface area. Therefore, in the fmal product, the viscosity of the 
composition may become very high especially in the region of low shear rate and may not be accompanied by the 
flS, causing the fonnation of voids and unfilled areas. Moreover, if the aggregates camiot be dispersed, the 
fillers in the aggregated state may penetrate into the narrow gap, mterfering with the fluidity of the fiUers, resultmg 
in the formation of non-uniform hariened products and voids. Therefore, the development of techniques for 
dispersing each individual fiUer particle in the composition and for uniform wetting of the fine particle surfaces 
wia the resin is very important We investigated the technique for dispersing the fine particles m the compositaon 
and were able to overcome the aforementioned problems by kneading the inorganic fillers with such components as 
epoxy resin, curing agent, etc.. in two processes as mentioned above. This finding enabled us to obtain a liquid 
epoxy resin composition suitable as an underfill material and led us to develop the present invention. 

mm Therefore, the present invenUon can provide a method for preparing a liquid epoxy resin composition with 
the characteristic procedures described below. In preparing a liquid epoxy resin composition in which epoxy ram, 
curing agent and inorganic filler are its necessary components, the inorganic filler contams 5-30 wt,% of very fine 
inorganic fiUers with a specific surface area greater than 4 m^/g and the content of all inorganic fillera accounts for 
60 wt ?6 of the entire conqjosition, a resin composition is formed in the first process m which part of the ^xy 
resm or part of a mixture of the epoxy resin and the curing agent is added to the inorganic filler that has been 
prepared to contain more than SO wt. % of very fine inorganic Mets with a specific surfece area greater flian 4 
n?lg and kneaded and the resin composition thus formed is mixed and kneaded with tfie remauung RUer, epoxy 
lesin and curing agent in the second process. 

[0008] The present invention is explained in more detaU below. The liquid epoxy resin composition according to 
the present invention is produced by blending epoxy resin, a curing agent, inorganic fillers, etc, 

[0009] The epoxy resins that can be used in the present invention can be any well-known epoxy resins as long as 
they contain more than two epoxy groups in one molecule of resin. Specifically, they include, e.g.. bisphenol A 
type epoxy resins, bisphenol F type epoxy resins, phenol novolak type epoxy resins, cresol novolak type ^xy 
reans. naphthalene type epoxy resins, biphenyl type epoxy resins, cyclopentadiene type epoxy resins, tnpbeool 
alkane type epoxy resins, phenol aralkyl type epoxy resins, etc. Among these epoxy resins, iMsphenol A type 
epoxy resins and bisphenol F type epoxy resins are preferable. 

[0010] The total chlorine content of the epoxy resins should be less than 1,500 ppm or preferably less than 1,000 
ppm. Moreovw, it is desirable ttiat the chlorine content in the water extract obtained when flie epoxy resin at a 
concentration of 50% is extracted with water at 120»C for 20 hours is less than 5 ppm. When the total amount of 
chlorine is greater than 1,500 ppm and the chlorine content in the water extract is greater than 5 ppm, the moisture 
resistance reliability of a semiconductor may be lowered in some cases. 

[0011] Moreover, powdere of the conventional well-known silicone rubbers or gete or heat plasticiiable resins made 
of methyl methactylate-butadiene-styrene may be added to the composition of the present invenUon as stress 
reducing agoits. 

[0012] The curing agents that can be used in the said epoxy resin compositions include such acid anhydrides as 
methyl tetrahydrophthalic anhydride, methyl hexahydrophthalic anhydride, hffliahydrophthalic anhydride, etc. In 
addition, sudi imidazole derivatives as 2-methyl imidazole. 2-ethyl-4-methyl imidazole, l-cyanoethyl-2-methyl 
imidazole, 2-phenyl-4,5-dihydroxymethyl imidazole, 2-phenyl-4-methyl-5-hydroxymethyl imidazole, etc., 
phosphorus type derivatives and cycloamidine type derivatives may be used as the curing agent or the cunng 
promoting agent. 
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100141 F»tll»nD»fc i»ktol. teiva.iv« .!» to used « »ri«g pi»«»li«l! «8".l« »» t"^ 

EfhSeS projity^be excellent but the preservation property may be reduced m some cases. 

lOOlSl In addition, such cartK>xylic acid hydrazides as dicyanodjamide. adipic acid hydnjzide ''S'tf?^. 
Ejde ete mkv also be used as a curing agent. The amount of carboxylic acid hydraade used as a cunng 
S^^lfte ^-30 weight pais or preferably 5-15 weight parts. When the amount used le«s 

fl^ltStlart Ae^e^Lg pr^perfy ly not i> sufficient in some cases. When the amount 

0 wSLt";! the hardelig pJop^ may become too high and the preservation property may be reduced m 



some cases. 



[0016] In the present invention, various, conventional, well-known inorganic fillers are added in order to reduce the 
are used as fillers. They can be blended with molten sMica for use as fillers. 

rooiTl niere is no restriction as to the form of the fiUers that can be used. Flake^;haped, dendrite-shaped or 
^^hllC^flers my be used individually or as a mixt„«. Spherically shaped fillers are especially desuable 
ftom the standpoints of low viscosity and flmdity. 

rooi81 The oarticle size of the inorganic fillers used depends on the gap between the chip and the bas^ 
Kl^ it^SiS iTthe «L particle size is in the range of 2-30 microns and the maximum parUcle size « 
frZVl ^^r^or pSerably less &an 50 microns. As for the n^Iationship between the gap -"d^e 
d£.Z. we found from our exjirimenU that an underfill material with excellent P^««f-^~J^^J]ti^W 
J^tb^ particle diameter was Ss than 1/2 of the size of the gap. Therefore, m -^l^^^^^ ^^^^ 
the underfill material and in order to increase the production rate, .t «i most desirable that ^P^'^^^l^^. . 
dS^uS in the range between the minimum particle size of less th«. 0.1 micron to the m«t.mum particle sue of 
less dian 1/2 of the aze of the gap. 

100191 Furthermore, in the present invention, it is necessary that the inorganic fillers contain 5-30 wt % or 
n«feiblv iSwt % of vSry fine inorganic fille« with a specific surface area greater than 4 ir?/g or inean 
^^dia^^ Ss t.^ 1 Icron. men the content is less flum 5 wt «. the vd««sity Sl^^-^^Tt^' 
Kease and the gap penetrating property will decrease rapidly. When the content is greater than 30 ^.». the 
SSS^^iaUy under low d.ear will increase and the gap penetrating property will decrease markedly. 

10020) It is desirable that the amount of the inorganic fillers used ism the range of 15(^500 ' Pf^P^^^^ 
weieht Darts of the total amount of epoxy resin and curing agent used or greater than 60 wt % or preferably in Uie 
rie cfl^s/ St % of the total corSposition used. When the amount used is less ^ 60 wt *. the coefifcient of 
rjLion caimot be reduced sufficienny. the water absorption rate will increase and the fJJ*^^ 
SLd will become poor. In addition, such problems as detachment between the baseboard orch^ andAe 
Sdnring the temperSure cycle, etc. . or disrupUon of the solder pump may occur in some 
SLt S is greaTLn sSo weight parts or greater than 83 wt. S6. the viscosity will become^high. the 
penetration nUe of lesin wUl decrease markedly and the productivity wiU become poor m some cases. 

mmil Moreover suner fine siUca particles may be added together with the said inorganic fillers in order to 
pSetJZToL^^o *eSU«^^^ It is'desirable that these fillers have been subject to a surface treatment 
using a silane coupling agent or a titanium type coupling agent. 
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10022] Furthennore, it is desirable that a silicone modified resin, which is a copolymer of organohydroditte 
poIysUoxaae and an alkenyl group containing phenol resin or an alkenyl group containing epoxy resin, is blended 
into the liquid epoxy tesin composition of the present invention, if needed, in order to improve Ae stress 
characteristics. In this case, the said silicone modified resins are already well known (Patent PubUcation No. Sho 
63-[1988]-60,069 and Patent PubUcation No. Sho 63-1 198 8]-60,070) and copolymers with excellent st«ss 
characteristics and with the most suitable structure can be obtained by selecting a proper combinaUon of tto 
structure of the epoxy resin part and die structure of the silicone part Such well-known copolymers can be used m 
the present invention. 

[0023] Such siUcone modified resins include, e.g., copolymers that can be obtained by the addition reaction of 
alkenyl group containing epoxy resins or alkenyl group containing phenol resins and the SiH group of 
oreanohydrodiene polysiloxane that can be represented by the average composition formula (1) given below and that 
h» the number of sUicon atoms in the range of 20-400 per molecule and has the number of SiH groups m the 
range of 1-5. 

igi'bSio,4.(,.,b)^i) 

On which R* denotes a substituted or unsubsUtuted monovalent hydrocarbon group, a and b represent oumbers that 
can satisfy the condiUons of 0.02 <. a :S. 0.1, 1.8 ^ b <. 2.2, 1.8 < a + b 2.3). 

[0024] The alkenyl group containing phenol resins or alkenyl group containing epoxy resins that can be 
by the formuU given below are especiaUy suitable for use as the copolymer mentioned above. 
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[0025] 

(Chemical Fonnula 1] 



CH, 



C3^ 



CHs-CHCH,0-^-6 -^-0CHaCHCH,0CI4CH=CHa 
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CH,-CHCH,0-^^ -© — OCHa<^-CH. 
0 CH, bliCH-CH. 0 
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[0026] 

[Chemical Fonnula 2] 



OCH,CH-CH, 



OCHjCH-CH» 
H,C=HCH.C Y 

—To) ^CH,-t 



OCHjCH-CHs 



CH,- 



OCH,CH-^Ha 



A 0 



OH 

)CH.iHCH,OCH«Ctt"CH, 



OCH,CH-CH, 



CH, 



OH 

OCH*iHCaOCH»CH=CH» 



■CH,- 



CH. 



(p «nd q usuaUy denote 1 ^ p i 20 or preferably I p < 10. 1 ^ q i 5 or preferably I ^ q ^ 3. 
:tively). 



[0027J In the organohydnxiiene polysiloxanes of U,e said formula (1). R' usually denotes a ^^^'^ 
LsuteUtuted nmovalent hydrocarbon group having the nwnber of carbon atojns m the range of W2or prefeably 
having the number of carbons in the range of 1-10 «,d preferably excludmg d.phat.c unsaturated bonds. Thq^ 
inchide e g.. such alkyl groups as a methyl group, ethyl group, propyl group, butyl group. 2-«thyl buQj group. 
Sri™ e^ such alk^y> groups as a vinyl g«)up. allyl group, hexenyl gmup. etc.. such cycloallqrl groups « 
rScS^^up. cyclopJtyf groJp. etc.. such aryl groups as a phenyl group, tolyl group ^ such «^1 
g.S.ps a b^l g~up. ph^l ethyl group, etc.. the said groups in which part or all of M^g«. «toms 
Lded to the cariK^ atoms are substituted by a halogen atom or a cyano group such as a ^"<>~"f « 
bromoethyl group, a trifluoropropyl group, etc., a and b represent numbers m fee range of 0.002^ a J. 0 I or 
p«fe«bly 0^1 < a < 0.05and 1.8 <b< 2.2 or preferably 1.8 < b < 2.0, respecUvely. and 1.8 < a+b < 
2.3. or preferably 1.81 <. a+b S. 2.1- 

100281 It is preferable that the number of silicon atoms in one molecule of organohydrodiene polysiloxane is in the 
S^e of SSSr^referably 40-200 or more preferably 80-150. When U»e numb«r is less than 20. 
^ified lesin will dissolve in the epoxy resin and the microsea island stmcture w.th the eP^V «s«" « 

be formed. ConsequenUy. the low stress property may become absent m some cases Wh«» « 
greater than 400. the silicone modified resin «id the epoxy resin may undergo phase separation and the sUeng of 
SThardened product may be weakened. In addition, the composition obtained may acquue thaotropy.causmg 
problems when fluidity is required. 

100291 It is desirable that the organohydrodiene polysiloxane used basicaUy has a straight chain structure but it may 
contam biancbed chains in part of its structure. 

10030] Representative examples of the silicone modified rssins that can be used in the present invention include 
confounds that can be represented by the structural formula given below. 



7 



45-7S3 



[0031] 

[Chemical Foninib 3] 



0 OH CH, CH, at 

OCHaCH-Cft 0CHaiHCIW)CH.CH,CI^i0{$i0}^^iCH.CHaCf«)- 
^CHff-45b-<^ CH, CH. CH. 



I_CH,CHCH,0 OCHtCH^H, 



CH. CH, OI. CH. 

CHfCHCHO<>i<>-OCH,CHCHiOCH,CH.CH^io(a(^S»^ 



_ jCHCHiOCHiCH.CftSiO(SiOj;SiCHaCHiCH,0 

V ^ ka. Ah cotia^'isu | 

Left 
CfcCHCH,0-O-C-O-0CH.CH-CH. 

Ah CH, 0 

CH. 0 CH. 

CHfCHCHiChQ<:-O'0CHiCH-pH, CHfCHCHO-Q-C<>OCH.CH-CH. 

V AhT 0'^ TAh. 13 

^1 ch.ch.ch. j 

CH»CH,CH.^iO{SioUiCHiCH,CH. 

Ah, Ani CHa 



OH CH. CH. CH, CH, OH 

9CH,AHCH.OCH>CH,Cft^iO(^iO);^iO);SiCHzCH/ ;H.OCH,C HCH.O 

^ — 1 Ah, CH. 6 CH, I 



OH ^ - r 



R R 
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[0032] 

(Chemical Fonnula 4) 

HO-O-CHrO-OH CH, CH, CH, 



-OH CH. CH, CH, HO-p-CH.-0-OH 
CHgCH»CHiSi0(SiO)jiiCH,CIiCHi 



I M "I 
CH, CH, CH, 



OCHsCH-CH, OCHaCH-CHa 
Y \^OClUC^j:^^ CH.CILCH3 

^ " ^ CH, CH.*CHa I 



0CH2CfFpHi 
?^^^N^"^ 0 oCH^CFFpHa 



(in which R denotes a hydrogen atom or a methyl group, 1, m, n and r denote numbers in the range of i « 20-400 
or pi^ferably 40-200, m = 0-400 or preferably 0-200, n = 1-20 or preferably 1-10 and r = 1-10 or preferably r 
= 1-3, respectively). 

[0033] The amount of the silicone modified resin blended for 100 weight parts of the sum of the silicone modified 
resin, epoxy resin and curing agent should be less than 20 weight parts or can be in the range of 0-20 weight parts 
or preferably 0.5-20 weight parts or more preferably 1-10 weight parts in terms of the amount of the 
organopolysiloxane contained in the silicone modified resin (e.g., the copolymers mentioned above). When the 
amount blended is less than 0.5 weight parts, a sufficient low stress property may not be achieved in some cases. 
When the amount blended is greater than 20 weight parts, the low stress property may be achieved but the viscosity 
will become very high, the woricability will become poor and the strength will decrease in some cases. 

[0034] Other optional con^nents, e,g., such silane coupling agents as 7-glycidoxypropyl trimethoxysilane, 7- 
aminopropyi methoxysilane, 7-glycidoxypropylmethyldimethoxysilane, 7-aminopropyl triethoxysilane, etc., and 
such coupling agents as titanium type coupling agents, aluminum type coupling agents, etc., such coloring agents as 
carbon black, such wetting promoting agents as nonionic type surface active agents, fluorine type surface active 
agents, silicone oils, etc., antifoaming agents, etc., can be added to the liquid epoxy resm composition of the 
present invention in some cases, the amounts of such optional components added can be any usual anoounts as 
long as the amounts added will not interfere with the effects of the present invention. The amount of the silane 
coupling agent added can be in the range of 0. 1-3 wt. % or preferably 0.3-1.5 wt, % of the amount of the inorganic 
filler used. When the amount added is less than 0.1 wt.9S, the amount added will not be sufficient to cover the 
entire surface of the filler and the reinforcing property may not be maintained in some cases. When the amount 
added is greater than 3 wt. %, the amount added may become excessive and may ooze out onto the surface of the 
hardened product, producing a poor external appearance in some cases. 

[0035] Therefore, in the present invention, in preparing the said liquid resin composition, a resin composition is 
formed in the first process in which part of the epoxy resin or part of a mixture of the epoxy resin and the curing 
agent is added to the inorganic filler that has been prepared to contain more than 50 wt. % of very fine inorganic 
fillers with a s^ific surfece area greater than 4 m^/g and kneaded and the resin composition thus formed is mixed 
and kneaded with the renuuning filler, epoxy resin and curing agent in the second process. 

[0036] In this case, the amount of the very fine inorganic fillers with a specific surface area of 4 nr^/g used in the 
first process should be greater than 50 wt. % or preferably is in the range of 70-100 wt, % or more preferably is 
100% of the amount of all inorganic fillers used in the first process. When the amount used is less than 50 wt. %, 
the surface of the very fine inorganic fillers cannot be sufficiently wetted. 
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[0037] The amounts of epoxy resins and curing agent added and kneaded into the said inorganic fillers in the first 
process should be such that the content of the inorganic fillers used in the first process would be greater than 50 
wL % or preferably in the nmge of 70-80 wt. %, When the content is less than 50 wt. %, diear wUl not be present 
and the surface of the fillers cannot be wet sufficiently. 

[0038] In the first process^ very fine particles alone or inorganic fillers in which very fine particles account for 
more than 50 wt % of the fillers are mixed with epoxy resins or a mixture of epoxy resins and a curing agent in 
such a way that the proportion of the fillers in the mixture will be greater than 50 wt % . The mixture is kneaded 
in a kneader capable of simultaneously applying pressure and temperature such as a pressure kneader, a double roll, 
a triple roll, etc.. under pressure and preferably with heating. It is desirable that the kneading temperature is in the 
range of 10-50*C or preferably TO-dO^'C. When the temperature is below 10**C, the viscosity cannot be reduced 
sufficiently and the wetting of the filler surface may not be sufficient in some cases. When the temperature is 
higher than 50*C, the ten^>erature may become too high and no shear will be present, disrupting aggregation in 
some cases. The kneading time after the pressure kneading should be in the range of 5-120 minutes or preferably 
30-90 minutes. 

[0039] In the present invention, the remaining inorganic fillers, epoxy resins, a curing agent, the said silicone 
modified i^ins, etc., are weighed and blended into the resin composition that contains the microfine fillers as the 
main component and that was prepared as described above in the first kneading process. The mixture is mixed and 
kneaded in a mixing device to obtain the final product The kneading conditions used in the second process can be 
identical to those used in the first process. 

[0040] Moreover, in the present invention, it is desirable that the said silicone modified resins are added in the 
second process. 

[0041] Furthermore, such conventional, well-known epoxy group containing diluents as n-butyl glyicidyl ether, 
phenyl glycidyl ether, styrene oxide, /-butyl phenyl glycidyl ether, dicyclopentadiene diepoxide, etc., may be added 
in the second process in order to lower the viscosity. 

[0042] There is no specific limit as to the viscosity of the liquid epoxy resin composition obtained in the present 
invention. However, it is desirable that the viscosity at 25*'C is in the range of 10-5,000 p or preferably 20-3,000 

P- 

[0043] 

[Effect of the Invention] With the use of the method of the present invention for preparing a liquid ^xy resin 
composition, a liquid epoxy resin composition with low viscosity and excellent thin fihn (gap) penetrating property 
even in the presence of a large quantity of blended inorganic fillers can be obtained. The liquid epoxy resin 
composition thus obtained is suitable for use as the underfill material for the flip chips of a semiconductor device. 

[0044] 

[Actual Examples] Actual examples and comparison examples will be used to explain flie present invention but the 
present invention is not limited to these actual examples. 

[0045] [Actual Examples 1-3 and Comparison Examples 1 and 2] Bisphenol A type epoxy resin (RE410 S, a 
product of Nippon Kayaku Co.), bisphenol F type epoxy resin (RE303SL, a product of Nippon Kayaku Co.), 
spherical silica with a mean particle diameter of 0.5 micron and a specific surface area of 7 m^/g (S025R, a 
product of Adomatechs Co.), spherical silica with a mean particle diameter of 8 microns and a specific surface area 
of 1.2 tx?/g (SE8, a product of Tokuyama Soda Co.) and a silane coupling agent (7-glycidoxypropyl 
trimethoxysilane, KBM 403, a product of Shinetsu Kagaku Kogyo Co. Ltd.) in the proportions given in Table 1 
were kneaded in a pressure kneader at a temperature of IS^'C and under a pressure of 15 kg/cn? for 60 mmutes. 

[0046] Next, the master resin composition thus obtamed and other components were accurately >yeighed as shown 
in Table 2 and were mixed and kneaded in a gate mixer to obtain liquid epoxy resin compositions. 
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[0047] The liquid epoxy resin compositions thus obtained were evaluated by the methods described below. The 
results of the evaluation are also shown in Table 2. 

Gelation time: The sample was placed on a hot pbte heated to 175*C and the time of gelation was measured with 
tfie use of a stopwatdi. 

Viscosity: The viscosity at 25^C was determined with the use of the BH model rotary viscometer at a number of 
rotations of 4 rpm. 

Penetration time: Spencer of about 8 microns was built between two slide glasses measuring 30 x 50 x 1 mm for 
forming gaps. This test piece was placed on a hot plate at lOO^'C and the epoxy resin composition was allowed to 
make thin film penetration into the gaps. The time needed to yield a 20-mm-tfai(^ film was measured. 

[0048] Tg and coeffici^t of linear expansion a^: A test piece measuring 5 x 5 x 15 mm was used to measure the 
values at a rate of ten^rature increase of 5 per minute with the use of TMA. 

[0049] 



[Table 1] 



Master resin composition 


Actual example 


Comparison Example 


(weight parts) 


1 


2 


3 


1 


2 




RE410S 


200 




200 


200 




Epoxy resin 


RE303SL 




200 






200 




S025R 


500 


500 


500 


100 




Inorganic fillers 


S£8 






100 




500 


Silane coupling agent 


KBM403 


5 


5 


5 
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[0050] 



[Table 2] 



Composition 


Actual Exanq)le 


Comparison Example 


(weight parts) 


1 


2 


3 


1 


2 


Master resin composition 


70.5 


70,5 


80.5 


30 


70 


Epoxy resin 


RE303SL 




55 






55 


RE410S 


55 




55 


55 




Inorganic fillers 


SE8 


200 


200 


190 


190 


150 


S025R 












Silane coupling agent 


KBM403 


0.5 


0.5 


0.5 


1.0 


1.0 


Curing agent* 


3 


3 


3 


3 


3 


Silicone oxxlified resin** 


25 


25 


25 


25 


25 


Carbon black 


0,3 


0.3 


0.3 


0.3 


0.3 


Results of evaluation 


Gelation time (sec) 


60 


60 


60 


60 


60 




Viscosity (p) 


1800 


1500 


2000 


3000 


2500 




Penetration time 
(minutes) 


3 


3 


4 


10 


8 




Coefficient of linear 

expansion 

(ppm/c) 


25 


25 


25 


25 


25 




Tg (oC) 


140 


140 


140 


140 


140 



*cunng agent: 

2-phenyM»5-dihydroxymethy] imidazole 
'*'*siIicone modified resin: 

Addition product of 



OCH,CH-CH, OCH^>CH, OdtCHCH^CHaCH-CIi 
^ @ fCH.4|)4-CH. ^ 6h 

CH. CH, CH, 

H-iio{sio);;;ii-H tmmmsmm 

CH, CH, "c^ ^__ " 

[OQSl] The tesults shown in Table 2 confirm that the rates of tlun film (gap) penetration at low viscosity <tf die 
liquid epoxy man conqiositirais (Actual Exaiiq>les 1-3) obtained by the mediod of pr^Muation of the present 
invention are high. 
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